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BROADBAND RAMAN AMPLIFIER 

The present invention relates to optical amplifiers and in 
particular to wide bandwidth optical amplifiers. The 
present invention is particularly applicable to Raman 
amplifiers . 

Raman amplification is considered to be particularly 
suitable for use in wideband and ultra wideband optical 
amplifiers, £>*r example used in wavelength division 
multiplexing transmission systems* The reason for this is 
that, unlike Frbium doped fibre amplifiers, gain can be 
provided at a predetermined range of wavelengths by 
choosing a suitable pump wavelength. In addition, Raman 
amplification can be distributed along a transmission 
fibre, giving an improved optical signal-to-noise ratio, 
lower signal launch power ana therefore longer 
transmission distances without requiring further 
amplification and/or repetition. 



However one drawback is that for a Raman amplifier using a 
single pump wavelength only, the gain profile of the 
amplifier is far from flat- Typically the gain profile 
will be a curve with a peak at the wavelength chosen for 
maximum amplification. Often it is desirable for the 
amplifier to operate adequately over a range of 
wavelengths and so in order to improve the flatness of the 



amplifier gain profile over a wide range of wavelengths, 
several pump sources may be used. 

Figure 1 shows a prior art wideband Raman optical 
amplifier- In Figure 1, a signal to be amplified is input 
to fibre 2. In addition, pump radiation is provided to 
fibre 2 through the signal and pump coupler 4. The 
resulting amplified signal is output on fibre 6. N 
different pump sources (generally indicated 8) are 
provided and each pump source produces pump radiation of a 
different wavelength from the other pump sources i.e. pump 
radiation of wavelengths XI, X2, X3 .... XN are provided. 
All the sources of pump radiation are fed to a multiplexer 
10 which multiplexes the pump sources and transmits the 
resulting wideband wavelength pump radiation to the signal 
and pump coupler 4- In this way, signals travelling on 
the fibre connected to the signal coupler 4 may be 
amplified. 

This solution is based on the assumption that the Raman 
gain which results from these multiple pumps is close to 
the superposition of the Raman gains which would result 
from the use of each of the pump sources individually. 
Therefore, by choosing appropriate pump wavelengths, 
powers and taking into account interpump amplification a 
reasonably flat gain profile can be achieved over a 
predetermined wavelength band> 



However this solution has a number of drawbacks mainly 
resulting from the fact that more than one pump source is 
required. Firstly, pumps are expensive components and 
secondly the inclusion of a number of pumps will 
substantially increase the size of the amplifiers. Also 
the use of a number of pumps will increase the pump 
driving current requirements, which can be particularly 
restrictive where the amplifier is for use in submarine 
fibre optical cable systems where the line current has to 
be kept reasonably low. Furthermore, in systems where 
higher reliability is needed, the number of redundant 
pumps included may be as high as the number of working 
pumps which in turn exaggerates the problems of cost, size 
and complexity for the amplifier. 

The present invention aims to provide a pump laser for 
Ramon amplification which mitigates some or all of these 
problems . 

Accordingly, in a first aspect, the present invention 
provides a wide bandwidth, gain flattened Raman amplifier 
including a laser source of pump radiation, and means for 
producing from the pump source a plurality of wavelengths 
of pump radiation including means for providing adjustable 
optical feedback to the pump source at a plurality of 
radiation wavelengths- Alternatively, instead of or in 
addition to the means for providing adjustable optical 



feedback, the invention may. include means for independent 
power control of each wavelength. 

The amplifier may include a coupler for coupling the pump 
radiation into the signal fibre and may include the fibre 
(which can be the transmission fibre) where the 
amplification takes place. 

Thus by producing multiple wavelength pump radiation from 
a single pump source, the number of pump sources which 
need to be provided can be reduced. Preferably only one 
pump source is included although in some circumstances 
more than one pump source may be provided with each pump 
source producing a plurality of different wavelengths of 
pump radiation. Also further pump source (s) may need to 
be provided for the purposes of redundancy. 

Preferably the means for producing the pump radiation 
includes one or more reflectors, for example gratings - 
Preferably each reflector produces optical feedback to the 
pump at one wavelength and the characteristics of the 
reflectors are selected such that each reflector produces 
optical feedback at an appropriate wavelength, typically 
different to the wavelengths produced by the other 
reflectors . 

Preferably the amplifier includes control means for 



controlling the optical feedback e.g. by selecting one or 
more wavelengths and/or attenuating radiation of selected 
wavelength (s) . 

Preferably the control means includes one or more variable 
optical attenuators and most preferably there is a 
separate variable attenuator for each reflector. In one 
embodiment, at least some radiation from more than one 
reflector is coupled simultaneously back into the pump to 
produce a plurality of pump radiation wavelengths. The 
pump radiation thus produced, at a plurality of 
wavelengths, is coupled into the signal path via the 
signal and pump coupler 4. In this way, a wideband 
optical amplifier can be provided still using fewer (and 
preferably only one) pump source of pump radiation. In 
such embodiments, the amount of attenuation provided by 
each variable optical attenuator may be suitably selected 
so as to provide an appropriate level of optical feedback 
to the pump at the corresponding reflector wavelength. 
Thus, the pump will provide pump radiation at each 
reflector wavelength, of magnitude which depends on the 
optical feedback at that wavelength. By controlling the 
optical feedback from each reflector, a desirable pump 
radiation spectrum can be achieved so as to provide an 
appropriate overall gain profile for the amplifier. For 
example, one desirable gain profile may be a flat response 
but in certain circumstances other profiles may be 



desired. The characteristics of each variable attenuator 
may be determined or alternatively control means may be 
provided for controlling and/or adjusting the attenuation 
of each variable optical attenuators depending on the 
circumstances . 

In some embodiments, rather than providing continuously 
variable levels of attenuation (or even a plurality of 
separate discrete levels of attenuation) , each variable 
attenuator may only provide one level of attenuation. 
That is to say, for example, each variable optical 
variable* attenuator may in fact be an optical switch 
providing either substantially no attenuation or 
substantially 100% attenuation depending on the setting of 
the switch- In such embodiments, the switches may be set 
so that only some, or indeed only one, of the reflectors 
provides optical feedoack to the pump at any one time- In 
this way it is possible to provide a discretely wavelength 
tuneable amplifier spectrum using fewer (and preferably 
only one) pump source. Again, control means may be 
provided for selectively controlling the switches in order 
to change the overall characteristics of the amplifier. 

Preferably the pump source is operated under the so-called 
"coherence collapse" regime so that it is possible that a 
single pump laser is locked onto a multiple number of 
wavelengths. This is particularly suitable for the 



embodiment using the variable attenuators. Preferably the 
pump source is temperature stabilised, in order for its 
gain spectrum to remain unaltered during its operation. 

Alternatively, instead of having to temperature stabilise 
the pump source, variations in the output power of the 
laser with temperature could be compensated by controlling 
the input current supplied to the laser. This is 
particularly suitable with the second embodiment described 
above utilising the optical switches. 

In a second aspect, the present invention provides a 
method of providing a wide bandwidth Raman amplifier 
including the step of producing from a laser pump source, 
a plurality of wavelengths of pump radiation by providing 
adjustable optical feedback at these wavelengths. 

Embodiments of the present invention will now be described 
by way of example with reference to the accompanying 
drawings in which: 

Figure 1 is a schematic diagram of a prior art 
optical amplifier; 

Figure 2 is a schematic diagram of a first embodiment 
of an optical amplifier according to the present 
invention; and 

Figure 3 is a second embodiment of an optical 
amplifier according to the present invention. 



Figure 4 is a third embodiment of an optical 
amplifier according to the present invention. 

In Figure 2, a signal to be amplified is input along 
transmission fibre 2. Pump radiation is provided to fibre 
2 via the signal and pump coupler 4. Raman amplification 
is taking place in fibre 2 and the amplified signal is 
output on a fibre 6. A single pump 20 is provided which 
preferably produces pump radiation of substantially wide 
bandwidth. The pump radiation is fed to a TAP coupler 22 

which in turn feeds the pump radiation to a further 
coupler 24. 

The coupler 24 couples the pump radiation to a plurality 
of variable optical attenuators. In Figure 2 only four 
optical attenuators 26, 28, 30, 32 are illustrated but of 
course any number may be included. Each of the optical 
attenuators 26 - 32 is associated with a respective 
reflector 34 - 40. The reflectors can, for example, be 
fibre Bragg gratings. Each grating 34 - 40 produces 
reflected radiation of correspondingly different 
wavelengths, which is shown in Figure 2 as XI, \2, X3 and A,N 
(indicating the possibility for N pump wavelengths) . 

The amount of reflection radiation produced by each 
reflector and fed back to coupler 24 is controlled by each 
of the respective variable optical attenuators 26-32. 




The combined resulting reflection radiation is then fed * z . 1;^^^-^ 
to the pump to provide external optical feedback. The 
parameters of some or all of the variable optical 
attenuators may be controlled to vary the overall pump 
radiation spectrum. In this way, a multi wavelength ; 
wideband pump of variable characteristic can be provided. 

The multiwavelength pump radiation thus produced - by 
optical feedback from a number of reflections at different 
wavelengths - is fed through the coupler 22 and signal and 
pump coupler 4 into the transmission fibre 2, where the 
signal amplification takes place. 

Figure 3 shows a second embodiment of an amplifier 
according to the present invention. The structure is 
similar to the embodiment of Figure 2 and like numbers 

* 

have been used for like items of equipment. However, in 
this embodiment the variable optical attenuators 26 - 32 
of Figure 2 have been replaced by optical switches 42, 44, 
4 6 and 48. Again, only four optical switches are shown 
but any suitable number may be used. In this embodiment, 
the optical switches may be operated so that only some, or 
indeed only one, of the radiation reflectors are 
operatively connected to the pump at any one time. In 
this way, a discretely wavelength tuneable pump is 
provided . 



Figure 4 is a schematic diagram showing an embodiment of 



the present invention in generic terms. A multiple 
wavelength pump (generally indicated by numeral 50) 
consists of a laser diode 52 coupled to a partial coupler 
54 which is in turn coupled to means for providing 
adjustable optical feedback 56 under the control of 
control means 58. In use, as has been previously 
described, the means 56 is used to produce from the laser 
pump source 52 a plurality of wavelengths of pump 
radiation which may then be coupled to an amplifier 60 (not 
shown in Figure 4) . 

The above embodiments are given by way of example only and " 
variations will be apparent to those skilled in the art. 



CLAIMS 



1. A wide bandwidth Raman amplifier including a laser 
pump source of pump radiation, and means for producing 
from the pump source a plurality of wavelengths of pump 
radiation including means for independent power control of 
each radiation wavelength, 

2. An amplifier according to claim 1 including only one 
pump source. 

3. An amplifier according to claim 1 or claim 2 wherein 
the means for producing the plurality of pump radiation 
wavelengths includes one or more reflectors. 

4. An amplifier according to claim 3 wherein each 
reflector produces optical feedback to the pump source at 
one wavelength and the characteristics of the reflectors 
are selected such that each reflector produces optical 
feedback at a different wavelength to the wavelengths 
produced by the other reflectors. 

5. An amplifier according to any of the above claims 
wherein the means of power control of each pump radiation 
wavelength includes one or more variable optical 
attenuators . 



6. An amplifier according to claim 5 wherein there is a 
separate variable attenuator for each reflector . 

7. An amplifier according to any one of the above claims 
wherein at least some pump radiation of more than one 
wavelength is coupled to the signal to be amplified. 

8. An amplifier according to any of claims 5 to 6 
including control means for controlling and/or adjusting 
the attenuation of each variable optical attenuator (s) . 

9. An amplifier according to any one of claims 1-4 
wherein the means for providing adjustable optical 
feedback includes one or more optical switches providing 
either substantially no attenuation or substantially 100% 
attenuation depending on the setting of the switch. 

10. An amplifier according to claim 9 including control 
means for selectively controlling the switches in order to 
change the overall characteristics of the amplifier. 

11. A method of providing a wide bandwidth Raman 
amplifier including the step of producing from a pump 
laser source, a plurality of wavelengths of pump radiation 
by providing adjustable optical feedback to the laser 
source at these wavelengths. 



12. A method of providing a wide bandwidth Raman rv " 
amplifier including means for altering the amplifier gain 
profile during amplifier operation, 
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